The capsular polysaccharide of Diplococctw pneumoniae Type 
Methylation of S XII. -Type XII polysaccharide was purified by ion-exchange chromatography and ammonium sulfate precipitation according to Cifonelli et al. ' . The preparation was dialyzed exhaustively against distilled water, lyophilized, and dried in vacua for 4 h at 60". Methylation studies were conducted by a modification of the Hakomori methylation procedure by use of methylsulfinyl carbanion and methyl iodide in dimethyl sulfoxide '. The polysaccharide (10mg) was methylated 2 times; dialyzed overnight against tap water, and lyophilized. Acetolysis and acid hydrolysis of methylated S XII were performed under the conditions used by Stellner et al. lo. The alditol acetate derivatives of the O-methylglycitols were separated by g.1.c. with a column packed with 3% ECNSS-M on Gas Chrom Q (Applied Science Labs, Inc., State College, Pa. 16801). Gas-liquid chromatography was performed on a combination g. 18.5 pmoles of neutral sugar) was dissolved in 24mM sodium metaperiodate (25 ml). The solution and a control lacking S XII were .incubated in the dark at 27" until analysis indicated that the consumption of periodate had ceased (100 h). The reaction was terminated by addition of sodium borohydride (100 mg) to destroy the excess of periodate and to reduce the oxidized polysaccharide. After incubation for 12 h at 25", the degraded polysaccharide was dialyzed at 4" against 100 volumes of distilled water. Lyophilization of the degraded polysaccharide gave 6 mg of white material.
Preparation and oxidation of 0-methylglycitols of ntethylated S XII. -The polysaccharide (10 mg, containin g 22 Itmoles of neutral sugar), methylated as just. described, was incubated for 3 h at 4" with 75% (w/v) sulfuric acid (0.2 ml) in order to solubilize it. After water (1.4 ml) was added, the solution was heated for 6. h at 100" and neutralized with barium carbonate_ The precipitate was removed and sodium borohydride (N 20 mg) was added to the filtrate_ The reaction was allowed to proceed for 2 h, the pH adjusted to 7.0 with M hydrochloric acid, and the solvent evaporated on a rotary evaporator. Water (2.5 ml) was added to the flask and an aliquot analyzed for r_-fucosamine content by the periodate oxidation method of Bhattacharyya and Aminoffi4.
Quantitative hapten-inhibition analysis. -For quantitative
hapten-inhibition analyses, such dilutions of whole sera were used that the antigen, in the absence of hapten, precipitated approximately 10 pg of nitrogen; a total volume of 0.4 ml was used for each tube. Hapten and antiserum were incubated for 1 h at 37". After addition of S XII, the tubes were incubated for 1 h at 37", and then for 7-10 days at 4". Precipitates were washed with ice-cold 0.01~ phosphate buffer (0.2 ml, pH 7.5).
Total nitrogen was determined by ninhydrin analysis". hydrochloric acid at 100" is shown in Table I . Hexosamine release attained a maximum value within 3 h. The ratio of neutral sugar to hexosamine was 1.51:1.00, which is in agreement with an earlier report'.
RESULTS

Acid hydrolysis of S
These data suggest that the molar ratio of Dglucose to D-galactose to hexosamine in S XII is approximately 2:1:2.
Methylation studies on S XII. -Gas-liquid chromatography of the alditol acetate derivatives of the O-methylglycitols from methylated S XII yielded seven components.
The major three components were first to emerge from the column, and corresponded in retention times to authentic 1,5-di-0-acetyl-2,3,4,6-tetra-O-methyl- Table II . Rapid periodate consumption occurred during the first 8 h and ceased after 1.65 moles of periodate were consumed per mole of neutral sugar. Carbohydrate analysis indicated the complete destruction of neutral sugar, as previously reported'. Loss of neutral sugar would be expected in view of the methylation data, which indicate that each of the neutral sugars has at least one pair of unsubstituted, vicinal hydroxyl groups. A ratio of 1.67 moles of periodate consumed per mole of neutral sugar would be expected assuming a molar ratio of D-glucose to D-galactose of 2:1, with 1 mole of o-glucose and 1 mole of o-galactose residues in nonreducing, terminal positions and the remaining D-glucose residues (1 mole) substituted at C-2.
Periodate-oxidized, borohydride-reduced S XII did not precipitate rabbit anti-XII antiserum, which suggests that periodate oxidation resulted in extensive alteration of the immunochemical reactivity. Undegraded polysaccharide (22 ig) and oxidizedreduced S XII (100 ,ug) precipitated 32.7 and 1.1 pg of antibody nitrogen, respectively. Pre-immunization control antiserum yielded 0.6 and 0.2 pg of antibody nitrogen with S XII and oxidized-reduced S XII, respectively.
Oxidation of Q-methylalditols of methylated S XII. -Periodate oxidation of r_.-fucosamine has been shown to produce acetaldehyde, provided that the hydroxyl group at C-4 is unsubstituted 14. Hydrolysis of methylated S XII yielded a mixture of partially metbylated hexoses and hexosamines that, after reduction and periodate oxidation, produced acetaldehyde in an amount equivalent to 0.098 mole of L-fucosamine per mole of neutral sugar. This result indicates that in native S XII a portion of the L-fucosamine residues are substituted at C-4, and consequently, produces, after methylation and hydrolysis, L-fucosamine residues that are unsub- stituted at C-4. Previous workers have reported' that the molar ratio of L-fucosamine to neutral sugar in native S XII is 0.33:1.00. The low yield of acetaldehyde, representing 30% of the total L-fucosamine, may be due to destruction of the hexosamine under the conditions of hydrolysis.
Hapten inhibition of anti-Xi1 ancl dextran precipitation_ -
Dextran B-1299-S has been shown to precipitate, from anti-XII antiserum, 50% of the total antibody nitrogen that may be precipitated by the homologous polysaccharide3. The inhibition by kojibiose and 2-O-cc-D-galactopyranosyl-n-glucose of the precipitation of rabbit anti-XII antiserum and dextran B-1299-S is shown in Fig. 1 . Addition of 0.06 pmole of kojibiose produced a 50% inhibition, whereas 5.6 ['moles of 2-O-a-n-galactopyranosyl-D-glucose inhibited precipitation by only 10%. The disaccharide structure, 2-0-a-D-galactopyranosyb-glucose, may be present in S XII, but it does not contribute to the cross reaction between anti-XII and dextran B-1299-S.
DISCUSSION
A molar ratio of D-glucose to D-galactose of approximately 2:l was obtained by direct analysis of the products of acid hydrolysis of S XII and by determination of the methyl ethers of the neutral sugars obtained by acetolysis of methylated S XII. The molar ratio of hexose to hexosamine was found to be -3:2.
The absence of dimethyl ethers of neutral sugars in the acetolyzate of methylated S XII suggests that methylation of the polysaccharide was complete and that neutral sugars did not serve as branch points in the polysaccharide structure. Further, these ratios suggest that the backbone of the polysaccharide probably contains hexosamine residues that are each substituted at a position other than that involved in the backbone linkage. The formation of acetaldehyde by periodate oxidation of hydrolyzates of methylated S XII indicates that at least a portion of the L-fucosamine residues of S XII are substituted at C-4. Such substitution is consistent with a hexosamine backbone in which L-fucosamine residues are substituted at C-3 and C-4. Fig. 2 shows a tentative model for the structural repeating unit of S XII. This structure conforms to the results of methylation data and periodate oxidation. An important feature of the model is the linear chain of glycosidically-linked hexosamines.
The present investigation has shown that oxidized-reduced S XII does not cross-react with type XII antiserum, although the hexosamine residues appear to be intact. The location of the hexosamine residues in the interior of the molecule, and the high degree of substitution may account for their weak immunochemical properties.
The identification of 2,3,4,6-tetra-O-methyl-D-galactopyranose as the only D-galactose derivative from the hydrolyzate of methylated S XII indicates that all the rr-galactose residues occur at nonreducing termini. However, a-galactosidases from Phaseohs vulgaris 1 ' and Aspergillus niger ", a broad-specificity /l-galactosidase from bovine testesr', and an cr-D-galactosyl-binding lectin from Bandeirea simplicifolia20 have failed to confirm the presence of the nonreducing terminal D-galactosyl groups. Steric effects of adjacent groups on S XII may be interfering with the binding of these D-galactosyl-speci.Ec proteins to the nonreducing D-galactosyl groups or labile blocking groups at the C-6 position of D-galactose may be present. Such blocking groups would remain undetected by methylation analysis of S XII and would not interfere with periodate oxidation. The presence, in S XII, of the disaccharide structure 2-O-a-D-galactopyranosyl-D-glucose is consistent with all the structural chemical data reported but, if present, it does not appear to be immunochemically important in the cross-reaction between dextran and anti-XII antiserum. On the basis of all available information, we conclude that the side-chains consist of D-galactopyranosyl and O-a-D-glucopyranosyl-(1+2)-D-glucopyranosyl residues. A more complete understanding of the structure of S XII awaits the isolation of any U-methyl-N-methyihexosamines from the hydrolyzate of methylated S XII. Work on the structure of the hexosamine backbone and the immunochemical significance of the terminal D-galactose residues is in progress.
